The distribution of glycoconjugates in normal maxillary sinus tissues, in cases of maxillary sinusitis and in postoperative maxillary cysts (POMC), was examined using seven different lectins as probes. The results showed that wheatgerm agglutinin (WGA), peanut agglutinin (PNA), Ulex europaeus agglutininRicinus communis agglutinin-1 (RCA-1), and concanavalin A (ConA) strongly react with the cilia and goblet cells. The binding of WGA, PNA, UEA-1, and RCA-1 was increased in maxillary sinusitis and POMC compared with normal maxillary sinus epithelium, whereas that of ConA was decreased. The decreased binding of ConA suggested that there were fewer mannoside residues in the maxillary sinus epithelium in the inflammatory lesion. The PNA bound to the cilia, goblet cells and mucous glandular cells in maxillary sinusitis and POMC, but not in normal, uninflamed cells, indicating that D-galactose was produced by the inflammatory condition. Similar binding patterns of PNA and RCA-1 were found in the cilia and on the surface of the epithelium and in the goblet cells. It is assumed that the carbohydrate moiety in the sinus mucosa is altered in inflammatory conditions. (J. Oral Sci. 42, 87-91, 2000) Key words: glycoconjugate; lectin; maxillary sinus; inflammation; histochemistry Introduction Many glycoconjugates are present in the body as components of cell membranes, mucus, body fluids, hormones, enzymes, anti-enzymes, connective tissues, immunoglobulins and human blood groups substances, and play an important role in vivo. Previous studies have reported that alterations of the glycoconjugate moiety at the cell surface are correlated with cell differentiation, neoplastic transformation and changes in cell function (1-3). On the mucosal surface, glycoconjugates form a mucous barrier, which is important for mucosal defense against various pathogenic invaders. Glycoconjugate composition and the amount of mucous secretion may be different in various physiological and pathological conditions.
Introduction
Many glycoconjugates are present in the body as components of cell membranes, mucus, body fluids, hormones, enzymes, anti-enzymes, connective tissues, immunoglobulins and human blood groups substances, and play an important role in vivo. Previous studies have reported that alterations of the glycoconjugate moiety at the cell surface are correlated with cell differentiation, neoplastic transformation and changes in cell function (1) (2) (3) . On the mucosal surface, glycoconjugates form a mucous barrier, which is important for mucosal defense against various pathogenic invaders. Glycoconjugate composition and the amount of mucous secretion may be different in various physiological and pathological conditions.
In the present study, we performed a histochemical analysis of lectin binding in the maxillary sinus mucosa, under normal conditions, in cases of maxillary sinusitis and in postoperative maxillary cysts (POMC), among patients attending the Department of Oral and Maxillofacial Surgery. We compared the lectin binding patterns in the maxillary sinus mucosa between normal and inflammatory disease conditions.
Materials
and Methods
Tissue samples
The sinus mucosal tissues were obtained from files of the Department of Pathology, Nihon University School of Dentistry, and the Tobu Regional Hospital, Tokyo, between 1996 and 1997. The 22 patients had been diagnosed as having maxillary sinusitis (11 cases) and POMC (11 cases) and had undergone a radical surgery of the maxillary antrum. For the controls, we used 5 cases of histopathologically normal tissues that were taken from non- 
Results

Normal sinus tissue
The maxillary sinus epithelium was composed of ciliated columnar epithelium in the surface layer and cuboidal epithelial cells in the basal layer, intermingled with goblet cells (Fig. 1 a) . The lectin binding pattern of normal epithelium showed that ConA reacted with all epithelial layers, with strong staining in the cilia. WGA showed strong positive staining in the cilia and positive staining in goblet cells and mucous glandular cells of the submucosa. RCA-1 showed positive staining in the cilia, while other parts were weakly positive or negative. UEA-1 showed positive staining in all epithelial cells and also in the blood capillary and mucous glandular cells of the submucosa. The sections exposed to PNA revealed almost no staining, while weakly positive staining was seen in the granules of the supranuclear area in the epithelial cells in 2 cases. Other lectins, SBA and DBA, did not stain the sinus mucosa except for weak positive stainig in the granules of the supranuclear area ( Table 2) . Table 1 . Biotinylated lectin used in this study and thier sugar specifisities Table 2 . Lectin binding of sinus mucosa N: normal sinus mucosa (n=5) MS/POMC: maxillary sinusitis (n = 1 1) and post operative maxillary cyst (n = 1 1)
#: granules of epithelial cells
Maxillary sinusitis and POMC
The maxillary sinusitis and POMC specimens were histologically characterized by hyperplasia of the sinus mucosa with an irregular lining of epithelium. Pseudostratified epithelial hyperplasia of the epithelial lining was often identified (Fig.lb) . Both maxillary sinusitis and POMC lesions showed similar histological features. Thus, the difference between the lesions was only the degree of inflammatory change, represented by the number of infiltrating cells and the amount of fibrous tissue and hyalinization found in the submucosa. In both inflammatory lesions, augmented mucus secretion was found because the number of goblet cells and mucous glands were increased. The numbers of capillaries were also increased in both lesions.
The lectin binding patterns in maxillary sinusitis and POMC revealed some differences from normal mucosa ( Table 2) . Although the ConA staining patterns were similar, the staining intensity in goblet cells and the basal cell layer of epithelium was decreased in the lesions (Fig.  2a) . The sections incubated with WGA showed an increase of staining intensity in the epithelial basal cell layer of maxillary sinusitis and POMC (Fig. 2b) . The sections incubated with RCA-1 showed an increase of staining intensity in the cilia, goblet cells and mucous glands, and the staining pattern was turned to positive in the surface and basal layers of the epithelium (Fig. 2c) . UEA-1 showed a staining intensity similar to that of normal mucosa except for an increase of staining in the basal cell layer of the epithelium (Fig. 2d) .
In the PNA sections, the number of positively stained granules in the supranuclear area of the epithelium was clearly increased in maxillary sinusitis and POMC. In addition, the cilia, goblet cells and submucosal glands of maxillary sinusitis and POMC were positively stained by PNA, while these were negative in the normal mucosa. Thus, PNA revealed staining patterns that differed between normal and inflammatory conditions (Fig. 2 e, f) . SBA and DBA were negative except for in the granules of the surface layer. Discussion The glycoconjugates in the nasal glands and maxillary sinus are found not only in the sugar coating of the cell surface and intercellular matrix, but also in the mucous which play an essential role in the normal function of muco-ciliary clearance (4). It is suspected that glycoconjugate alterations are correlated with the transformation of chronic maxillary sinusitis with hyperplasia of the sinus mucosa and hypersecretion.
The benefit of using the lectin binding method for glycoconjugate analysis is that it specifically identifies the carbohydrate residues in cells and tissues. Sialomucin and sulfomucin can be detected by alcian blue and high-iron diamine. However, these methods cannot distinguish carbohydrate composition or particular carbohydrate residues. The carbohydrate moieties of cell surfaces are involved in cell-to-cell interaction and are thought to be important in cell functions, including intercellular recognition and cell maturation (5, 6) . Alteration of the microenvironment and local inflammatory reactions in a variety of diseases may influence cell surface carbohydrate moieties (7, 8) . Fig 1. (a) Normal sinus mucosa; maxillary sinus mucosa is covered with ciliated columnar epithelium in the surface layer and cuboidal epithelial cells line the basal layer (HE stain, x200). (b) maxillary sinusitis and POMC; pseudostratifiedepithelial hyperplasia of the sinus mucosa with irregular lining of the epithelium and increment in the number of goblet cellsare observed (HE stain, x400).
N-acetyl-galactosamine have generally been noted in studies of glycoconjugates. Fucose and sialic acid, especially, are important components as they have a tendency to be distributed at the terminal of sugar residues (10). Maxillary sinusitis is caused by various infectious agents, such as bacteria, fungi, and viruses. Otorhinolaryngologists have focused on viral infections and non-bacterial antigens that reach the sinus, whereas oral surgeons have studied bacterial infection through periapical periodontitis. Several studies have reported the presence of glycoconjugates in the respiratory tract and the nasal-sinus region detected by lectins (9, 10) . However, alteration of glycoconjugates in maxillary sinusitis or POMC has not been extensively studied.
We compared the distribution of glycoconjugates in a normal maxillary sinus and in maxillary sinusitis and POMC using seven different lectins as probes. The results showed that Con A, WGA, RCA-1, UEA-1 and PNA predominantly reacted with the cilia and goblet cells. The staining intensities of WGA, RCA-1, UEA-1 and PNA were increased in inflammatory conditions, whereas that of ConA was decreased. Normal sinus mucosa showed a similar staining pattern, as described previously by Jin et al (10) . It has been reported that changes in glycoconjugates can be found in the sinus epithelium and goblet cells in experimental sinusitis. Enhanced fucosylation and sialation of the mucosa have been observed in the inflammatory process of sinusitis (11) .
In this study, we also found an alteration of glycoconjugate expression in the inflamed mucosal epithelium. The numbers of goblet cells and the amount of mucous secretions were increased in maxillary sinusitis and POMC. Similar patterns of increased PNA and RCA-1 staining were found in the cilia and goblet cells. It is assumed that an increased amount of mucus was secreted from the goblet cells which covered the mucosal surface. Decreased ConA binding was also observed in the goblet cells in maxillary sinusitis and POMC compared with normal maxillary sinus tissue. It is suggested that the mannoside residues of the maxillary sinus epithelium were decreased in the inflammatory lesion. PNA also bound with the cilia, goblet cells and mucous glands in maxillary sinusitis and POMC, but not in the normal condition, indicating that D-galactose was present in the goblet cells and mucous glandular cells under inflammatory conditions. The alteration of the carbohydrate moiety and the increased secretions in maxillary sinusitis and POMC reflected the defense mechanism of the maxillary sinus mucosa against inflammatory agents.
